Personalised, adaptive online learning platforms that form part of web-based proficiency tests play a major role in the improvement of the quality of learning in physics and assist learners in building proficiency, preparing for tests and using their time more effectively. In this study, the effectiveness of an adaptive learning platform, Wiley Plus ORION, was evaluated using proficiency test scores compared to paper-based test scores in a first-year introductory engineering physics course. Learners' performance activities on the adaptive learning platform as well as their performance on the proficiency tests and their impact on the paper-based midterm averaged test were investigated using both qualitative and quantitative methods of data collection. A comparison between learners' performance on the proficiency tests and a paper-based midterm test was done to evaluate whether there was a correlation between their performance on the proficiency tests and the midterm test. Focus group interviews were carried out with three categories of learners to elicit their experiences. Results showed that there was a positive relationship between high-performing learners' proficiency score in the midterm averaged test and that the proficiency test enhanced learners' performance in the paper-based midterm averaged test.
INTRODUCTION
The success of learner performance in courses such as mathematics and physics largely relies on educators monitoring and providing timeous individualised feedback to their learners. Timeous feedback to learners can enhance learning as they act on the feedback provided (Hattie & Timperley, 2007; Shute, 2008) . Nicol (2011) argues that a lecturer's meaningful feedback needs to be easy for learners to understand, timely, non-judgmental, contextualised, broad minded, balanced, forward looking and transferable. Despite the value of a lecturer's feedback to learners, providing individualised feedback to learners is nearly impossible to achieve due to a lack of time, as lecturers spend most of their time in the classroom lecturing, due to the high number of learners in the classroom, a lack of qualified tutors or lecturer assistants, and the fact that individualised feedback is time consuming (Basitere & Ivala, 2015; Gibbs, 2010) . As a result of these challenges, educators are seeking innovative ways of providing immediate individualised feedback to learners using online-based learner feedback systems.
One such online-based learner feedback system is the Wiley Plus ORION (WPO) adaptive learning platform, which provides an online platform for learners to access and submit web-based formative assessments, grade them and provide individualised feedback (Basitere & Ivala, 2015) . The adoption of such computerised online systems that provide learners with formative assignments and instantly grade and provide individualised feedback is being seen as one way to effectively improve lecturers' timeous feedback to learners. Furthermore, the online system also provides other benefits, such as grade accessibility using an electronic platform, quantifying and promoting student learning, and also monitoring at-risk learners on the course (Jones, 2008, 1) .
John Wiley and Son introduced the WPO adaptive online learning platform in 2014 and it is adapted to meet each individual learner's needs. Learners are allowed to complete diagnostic questions to evaluate their initial level of proficiency in the section being taught in the classroom. The diagnostic test is in the form of randomised multiple-choice questions and the difficulty level of questions is determined by learners' achievement in the diagnostic test. The difficulty level of the diagnostic practice test questions presented to learners is adapted by the online system to match their level of performance. Learners are provided with reports as a guide to their progress during their study and to show their level of performance. Study time data is provided to the learner, broken into specific subject aspects and displayed in a red (low performance), yellow (medium performance) or green (high performance) level and percentage proficiency. The teacher has access to this information and can use data from these reports to design and provide the necessary support to learners. This paper presents findings of a study carried out in 2015 amongst first-year chemical engineering learners studying Physics at a South African university of technology, and is aimed at evaluating the effectiveness of the WPO adaptive learning platform system in improving learners' learning. The use of this adaptive learning platform was compulsory for all learners who enrolled for the Physics 1 course in the Chemical Engineering Extended Curriculum Programme (ECP). The diagnostic tests were provided to learners to engage with as part of the curriculum and weighed 10% of the semester score. The study was done in one semester and learners were awarded marks as a way of encouraging them to use the system. The intervention on this study was based on Laurilland's educational media conversational framework in order to help the researchers understand the effectiveness of the adaptive learning platform through the use of learners' proficiency tests in supporting the effective learning types inspired by feedback-reflection-adaptation phases, in a chemical engineering Physics 1 course. Adaptive learning was evaluated through experiential tasks such as web-based proficiency homework (WBPH) and assignments. In this study, three reports generated by the WPO platform were used to evaluate the performance of the online platform in supporting and enhancing student learning. The first report was the metacognitive feedback report, which compares learners' proficiency on the adaptive learning platform to their confidence level. The second report was the productivity feedback report, which compares time spent in the adaptive learning platform by learners to their overall proficiency in the adaptive learning platform assessments. The third report was the most challenging activities feedback, which sorts objectives and chapters by proficiency, from lowest to highest. A comparison between learners' performance on the proficiency tests and the paper-based midterm test was done to evaluate if there was a correlation between learners' performance on the proficiency tests and the paper-based midterm averaged test.
LITERATURE
Personalised adaptive learning platforms like WPO help learners to improve their level of proficiency on those chapters that are being taught and also assist learners in managing their study time effectively (Schreiber, Smith, & Getz, 2014) . The use of adaptive learning in the classroom setting has been a common practice used by educators all over the world. The instructor often starts by introducing the theoretical concept to the learners and thereafter assesses how well the learners are following the lesson (Basitere & Ivala, 2017) . Assessing how learners are following the instructor's lesson can be achieved by asking leaners a few questions to initiate discussion and dialogue. Based on the discussion with the learners or body language and facial expressions of the learners, the teacher can clarify any misconceptions or elaborate on the concept being taught (McLaren, 2013) . The instructor can then create an assignment or homework aimed at addressing the area of learners' weaknesses. However, due to the large size of learner classes, and learners with a different starting point in a knowledge area and who learn at different paces, the challenge is to create an optimal learning experience that caters for all learner types (Schreiber et al., 2014) . Hence, there is a need for a tool that can assist the instructor in assessing, offering individualised feedback to learners, and promoting self-paced instructions based on learners' needs.
Adaptive learning technologies
Adaptive technology is reported in literature to have been used to support formative assessment using web-based homework to provide self-directed learning and individualised immediate feedback to learners (Beal, Qu, & Lee, 2008; Koedinger, Anderson, Hadley, & Mark, 1997, 8) . Immediate feedback is beneficial to the instructor for identifying and remediating individual learner deficiencies and misconceptions in the subject content covered and for modifying learning activities (Eliot & Woolf, 1994) to improve learning. Furthermore, immediate feedback builds learner confidence, resulting in an improvement in the metacognitive awareness of how learners learn (S. Bonham, Beichner, & Deardorff, 2001 ; S. W. Bonham, Deardorff, & Beichner, 2003) .
Furthermore, literature shows that the use of adaptive learning technologies has been reported to lead to an improvement in learners' learning across a wide range of disciplines, such as mathematics (Beal et al., 2008; Koedinger et al., 1997, 8) , science (Vanlehn et al., 2005) , medicine (Eliot & Woolf, 1994) and computer programming (Corbett & Anderson, 1992) . Several studies have reported on the impact of adopting adaptive media in courses such as physics (S. W. Bonham et al., 2003) and introductory accounting (Jones, 2008, 1) . Both S. W. Bonham et al. (2003) and Jones (2008, 1) report that adaptive technology in the form of web-based homework as a formative assessment enhanced learning and was as effective as paper-based assessment. Hauk and Segalla (2005) and Demirci (2007) confirm the same results in a study conducted in 19 college algebra classes using the web-based homework system. The main advantages of using adaptive technology as compared to a paper-based system was the immediate feedback and the fact that the system allowed multiple attempts at solving the problem, which encourages learners to devote more time interacting with the course concepts.
Due to a lack of experienced learner assistants or tutors, universities around the world, including South Africa, are abandoning time-intensive approaches of collecting and grading paper-based homework (Basitere & Ivala, 2015) and are adopting adaptive technology such as WPO and Web Assign. Hence, the focus of this study.
Theoretical framework
This paper is informed by Laurilland's conversational framework to evaluate the effectiveness of an adaptive learning technology platform (Laudrillard, n.d.; Laurillard, 2013) such as WPO in enhancing teaching and learning. Laurilland's framework is specifically designed to gain an understanding of educational environments. The framework has four important learning components:
1. lecturers' learning outcome/concepts 2. learning environments constructed by the lecturer 3. learners' concepts 4. specific action by the learner According to Laurillard (2013) , higher education is more about acquiring "ways of seeing the world" and higher education is differentiated from other forms of learning by the high cognitive communication strategy required of learners and associated mental activities such as discussion, adaptation, interaction, and reflection ( Figure 1 ).
Conversation dialogue between the lecturer and the learner
Conceptualisation of learning outcomes should be mutually accessible and agreed upon by both participants (lecturers and learners). Before teaching the topic, the lecturer should assess learners' prior knowledge of the topic. This is then followed by the lecturer introducing the course knowledge concept, learning outcomes, ideas, and the course theoretical background. Hereafter learners should engage with the course content through dialogue, asking questions and receiving responses from the lecturer and peers. Through this dialogue between the lecturer and the learners, the lecturer clarifies or elaborates on the course material. In this study, students were encouraged to read the online textbook on WPO before coming to the classroom and the lecturer asked students questions before teaching so as to assess their prior knowledge. Hereafter the lecturer introduced the theoretical concepts of the chapter being taught and students were allowed to ask questions to gain clarity on what was being taught.
Lecturer defining the learning environment
The lecturer must create a conducive learning environment that may include the learning task to be given to the learners in the form of an experiential task such as a WPO proficiency test and web-based homework. The learner is expected to put the theory into practice by performing the experiential tasks provided by the teacher. The teacher continuously monitors the learners' experiential progression and provides appropriate feedback, which enables learners to improve their understanding of the course material (Laudrillard, n.d.; Laurillard, 2013) . (Laurillard, 2013) 
Adaptation of the learning environment to suit all learners' actions
The lecturer must teach the course content in a way that takes into consideration learners' existing knowledge conceptions and their knowledge as reflected from the results of the proficiency tests, and learners must incorporate the feedback and link it to their own knowledge conceptions.
Reflection on the learners' actions
The lecturer should provide support to the learners in revising their knowledge conceptions and adapting learning to suit their learning needs. Learners should reflect on their learning process (initial concepts, tasks, objectives, feedback) and 'adapt' their learning actions, as a way of reconciling the theoretical knowledge and practical experiences. The model argues that interaction is at the centre of 'deep' learning (Laurillard, 2013) and that it helps learners to transform the knowledge gained by exploring beyond memorisation of the main concept being taught. Furthermore, 'deep' learning allows the learner to interact with the course material by creating relevant arguments and examples related to their daily lives.
Laurillard argues that only the use of "multimedia tutorial simulation" as an adaptive technology can meet this learning outcome (deep learning) (Clinch, 2005) . Laurillard suggested five media forms that support various learning outcomes, which are: (a) narrative, (b) interactive, (c) communicative, (d) adaptive, and (e) productive. Narrative media show the learner virtual image or text, while interactive media such as search engines and randomised multiple-choice questions respond to the learners' actions. Communicative media such as email and discussion forum platforms facilitate communication exchanges. Adaptive media, such as simulation and virtual words, respond to the user action. The study on which this paper is based adopted an adaptive medium to grade web-based assignments and to provide immediate feedback to the learners. Furthermore, proficiency tests were used to monitor learners' learning activities.
CONTEXT OF THE STUDY: USE OF WILEY PLUS ORION
Physics 10th Edition by Cutnell and Johnson (1998) , published by Wiley, is used as the prescribed textbook for the Physics course at the Cape Peninsula University of Technology. The online platform Wiley Plus has been used since 2014 in the Engineering Physics course at this university of technology (UoT) due to its ability to provide online assessment and timeous feedback to the learner. An addition to Wiley Plus is the ORION proficiency test, which helps the teacher to (a) gain insight into each individual student's level of proficiency and confidence level; (b) identify and tailor learning for individual students through adaptive practice; and (c) assist individual students during office hours on areas of improvement. The lecturer encouraged learners to use the "Read, Practice, Study" section on the online platform that contains an additional set of questions, videos of sample problems being solved, electronic text content, simulation activities and a solution manual for selected problem-set questions. Learners' activities on the Wiley Plus system's "Read, Practice, Study" section cannot be accessed by the lecturer to monitor their study habits. Hence, the introduction of ORION to the Wiley Plus package in 2014 (which allowed lecturers to access these sections) offered an efficient way of encouraging learners to study and provided learning support to the first-year Engineering Physics learners in the extended curriculum programme (ECP). The ECP programme has been designed to support learners who are enrolled in the Chemical Engineering programme with a 50 percent pass rate in high school (matric) Mathematics and Physical Sciences. To ensure that the ECP learners succeed in their studies, the learners take half a workload compared to mainstream learners (mainstream learners are those whose matric marks are above 50 percent and who take six subjects per semester) studying for the National Diploma in Chemical Engineering.
The lecturer responsible for teaching physics, with support from the Department and John Wiley & Sons Publishers, piloted the Wiley PLUS ORION software to evaluate the effectiveness of the software for proficiency tests and provision of immediate feedback to learners, and hence enhancing learners' performance. Learners were encouraged to strive to get 50% proficiency in each of the chapters assigned to them by the course instructor and at the end of the semester, the learners' scores were assessed and weighed 10% of the semester mark. The effectiveness of the ORION proficiency test was evaluated through analysing feedback from three Wiley Plus ORION feedback reports, namely: 1) Metacognitive report, 2) Productivity report, and 3) The most challenging activity feedback report. Furthermore, the scores in the proficiency test were compared to the paper-based term test scores to see if the performance correlates.
METHODOLOGY
Both quantitative and qualitative approaches were used in this study. Quantitative approaches involve using scientific or mathematical data to understand a problem, while qualitative approaches entail non-measurable data such as focus group interviews.
Context and participant
The study was conducted at the Faculty of Engineering, Department of Chemical Engineering, at a South African university of technology. The participants of the study were 44 registered learners who were enrolled for the ECP Chemical Engineering Physics course in 2015 and who were studying towards a national diploma.
Data collection
The data was collected using WPO from John Wiley & Sons Publishers. Three reports were drawn from the online system: 1) Metacognitive report, which compares learners' proficiency on WPO to learners' confidence level; 2) Productivity report, which compares time spent in WPO to learners' overall proficiency in WPO; and 3) The most challenging activity feedback report, which sorts objectives and chapters by proficiency, from lowest to highest.
Furthermore, learners' scores on the WPO proficiency test were compared to their scores on the paper-based midterm test to measure their performance on the WPO proficiency tests and its impact on the paper-based midterm test.
Three focus group interviews were conducted, one with each category of learners: high (with an average score of 68%), middle (with an average score of 52%) and lower performing (with an average score of 27%) to gain insight into their experience with the WPO.
Data analysis
Data derived from the WPO 1) Metacognitive report, 2) Productivity report, and 3) The most challenging activity feedback report was analysed using inferential statistics. The inferential statistics used was the Pearson product moment correlation coefficient (PPMC), which evaluates the strength of the correlation between WPO proficiency test scores compared to the paper-based midterm averaged test. Focus group interviews were analysed inductively to elicit learners' opinion on the use of the WPO proficiency tests.
Ethical clearance
The participants' consent to take part in the study was sought and the purpose of the study was explained to the learners. Interview transcripts and learner scripts were available for the learners to scrutinise. Anonymity and confidentiality were adhered to as promised to the learners. The Fundani Centre for Higher Education and Development ethics committee provided ethical clearance for the study.
FINDINGS AND DISCUSSION

Analysis of learners' metacognitive report
The metacognitive report compares learners' proficiency in WPO to their level of confidence on the subject matter. Metacognition is the "awareness and understanding of one's own thought process" (Heider, 2015) . In Figure 2 , the upper left quadrant on the graph indicates that 52% of learners had higher levels of proficiency in WPO, but lower confidence.
This result could partly be explained by learners' assertion during the focus group interviews that those who stayed outside campus with no access to a computer and the internet spend less time on the WPO proficiency tests. This may have resulted in them answering questions under pressure to meet the deadline and receiving help from their peers who reside on campus at the last minute and scoring high scores without awareness and understanding of their own thought process, hence leading to a lower confidence level, as indicated by both learner A and learner B:
Learner A: If like, when I was staying off campus and then I didn't have internet and stuff and so my friends, some of my friends stayed on campus and then they did, they spent a lot of time on Wiley Plus they did the questions and they, maybe it's going to be submitted later today and I haven't done all the work because I'm at home, I don't have internet access. I come on that day, I'm like okay, I'm going to do this and then they show me. I do it with them they say no, click this, click this, and click this. After less time, but I get good results. I've spent less time. I didn't even work out the problems. They just told me.
[sic] In Figure 2 , the lower left quadrant indicates that 14% of the learners had low proficiency in WPO and low confidence (low-performing learners). These learners may have been underprepared and needed to spend more time working with the resources in WPO to boost their confidence and proficiency. A lack of access to computers/smart phones for learners residing off campus and unstable Wi-Fi for learners on campus may have contributed to learners' low scores and confidence level, as shown in the following quotes:
Learner C: Wiley Plus was fine but there are a little bit challenges for people who don't stay on campus. I suggest maybe Wiley Plus can be improved. You have some program, not online, because people who stay outside campus they struggle a lot because they don't have access to computer or smart phone.
Learner D: Because sometimes, Wi-Fi, it's boring. It will be offline the whole day so you won't study in Wiley Plus, you won't log in. I will say it should be an off-line system. Like you can download it then you work throughout without Internet.
The results also show that learners suggested that an offline WPO would be helpful for learners who reside off campus as they lack internet or data to access the online platform.
The upper right quadrant shows that 24% of learners had higher levels of proficiency and high confidence (high-performing learners). These learners did well in WPO. During the focus group interviews, some of the learners in this category of learners indicated that timeous feedback on how they responded to a question helped them in building confidence to carry on with other questions:
Learner E: It actually gives us confidence that you know, okay, I got this answer. It confirms and it actually gives me confident to carry on.
The lower right quadrant indicates that 10% of the learners had lower levels of proficiency in WPO, but higher levels of confidence (middle-performing learners). This group of learners may have needed to spend more time working with the resources in WPO in order to help them clarify some misconceptions.
Analysis of learners' productivity reports
The productivity report compares time spent in WPO by learners to their overall proficiency in WPO. Figure 3 shows that the average time spent by high-performing learners (that is, those with an average score of 68%, shown in green dots) was 16 hours, while the middle-performing learners had an average score of 52% (shown in yellow) and spent 15 hours on the system. The low-performing learners had an average score of 27% and spent 10 hours on WPO.
From Figure 3 it is evident that learners who spent more time on WPO performed better compared to those who spent less time. Reasons for spending less time on WPO can be deduced from the following learners' quotes:
Learner F: Wiley Plus was fine but there are a little bit challenges for people who don't stay on campus. I suggest maybe Wiley Plus can be improved. You have some program, not online because people who stay outside campus they struggle a lot because they don't have access to computer or smart phone.
Learner G: Because sometimes, Wi-Fi, it's boring. It will be offline the whole day so you won't study in Wiley Plus, you won't log in [.] A lack of computers/smart phones for learners staying off campus and unreliable Wi-Fi for learners residing on campus may have affected the time learners spent on Wiley Plus ORION. It can be deduced from the figure that the chapters in which learners had attempted answering questions showed better learner improvement in scores compared to chapters where learners had not attempted questions.
Learners' performance on Wiley Plus with ORION compared to performance on paper-based midterm averaged test
The scatterplot shows that learners' average physics midterm test scores and the average WPO scores had a positive correlation (coefficient=0.2098). Using a k-means cluster analysis, the researchers identified three learner segments: high performing (20% of learners), medium performing (35% of the learners) and low performing (45% of learners). Results showed that the high-performing learners had the highest averaged WPO scores of 52% and an average paper-based score of 66%. The medium-performing learners had medium averaged WPO scores of 44% and averaged paper-based test scores of 45%, while the low-performing learners had averaged WPO scores of 39% and averaged paper-based test scores of 29%. 
CONCLUSION
The WPO was used in this study as an adaptive medium, supporting Laurilland's conversational framework for teaching and learning and her premise that learning is an active process including a cycle of "goal-action-feedback-reflection-adaptation-revision-feedback-reflection" (Laudrillard, n.d.) . The findings showed that learners who spent more time on the WPO adaptive learning system performed better in their course than those who spent less time. For example, learners who spend more time on WPO attempting proficiency tests had a higher chance of performing much better on the paper-based midterm averaged test. The metacognitive report showed that most of the learners who were most proficient showed least confidence in terms of their awareness and understanding of their own thought process. These learners were encouraged to spend more time on the WPO in order to maintain their proficiency and increase their confidence. The learners who showed a low level of proficiency and confidence were encouraged to spend more time working with WPO to help clarify some of the misconceptions they held. The most challenging activities report showed that in chapters where learners had attempted to answer more questions, there was a better improvement in learners' overall scores. The findings also showed that there was a positive correlation between the paper-based midterm averaged test and WPO proficiency test overall scores. Furthermore, WPO was shown to be an effective adaptive system as learners who spent more time on the system performed better in their course than those who used it for a shorter time. For example, learners who spend more time on WPO attempting proficiency tests had a higher chance of performing much better on the paper-based midterm averaged test.
